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Abstract
Background: It is a well-known fact that reactive oxygen species (ROS) play a key 
role in the pathogenesis of chronic inflammatory diseases such as periodontal diseases. 
Antioxidants are the molecules that inhibit oxidation reaction and thereby terminate 
the chain reaction caused by free radicals, hence preventing cell damage. There are 
multiple sources of antioxidants which include cereals, fruits, vegetables, chocolate, 
oils, and beverages such as tea, coffee, wine, and fruit juices. The periodontal tissues 
require an optimum level of antioxidants to prevent as well as to reduce tissue damage 
caused by ROS generated by pathogenic bacteria in dental plaque. Recent studies have 
started focussing on the use of antioxidants in the treatment of periodontal diseases as 
well as to maintain gingival health. Aim: Earlier studies that investigated the effects of 
antioxidants on periodontal diseases have demonstrated that antioxidants have anti-
inflammatory properties. Although numerous studies demonstrated the relationship 
between antioxidants and periodontal diseases, the number of studies in humans is 
limited. The present review discusses the importance of antioxidants and antimicrobials 
in maintaining periodontal health and hence, their role as a complementary therapy in 
periodontal diseases. Conclusion: Dietary antioxidants play a key role in the maintenance 
of oral health and have the potential to influence periodontal disease management, 
which positively affects clinical outcomes. Thus, obtaining enough antioxidants through 
our diet to promote healthier tissues is essential to reduce the unwanted effects of free 
radicals. This explains the indispensable role of dietary antioxidants in periodontal health. 
Clinical Significance: The application of antioxidants and antimicrobials in periodontal 
therapies has opened a new window for the prevention and treatment of periodontal 
diseases. There is supporting evidence from multiple studies that an increased intake of 
antioxidants in the daily diet reduces the risk of several chronic diseases. Oxidative stress 
is an essential factor in periodontitis and studying the antioxidant defense mechanisms 
helps in better understanding of underlying tissue damage mechanisms and hence, 
novel therapeutic interventions. Therefore, the daily intake of natural antioxidants is 
recommended for the prevention and treatment of periodontitis.
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Introduction
Periodontal diseases, commonly known as periodontitis, are 
the inflammatory disease of supporting tissues of the teeth. 
Inflammation in the periodontium is the result of the interaction 
between the bacteria in the subgingival space and the immune 
response of the host.[1] The course of the disease gets affected 
by the genetic makeup of patients and the immune response 
to periodontal bacteria. Hence, it is considered as a result of 
multiple factors.[2]
The presence of bacteria and their products that are 
pathogenic to periodontium are considered in the etiology of 
periodontal diseases. The periodontal pathogens injure the 
supporting tissue directly through harmful toxic products 
resulting in tissue necrosis and indirectly by inflammatory 
cytokines formed by host immune response. As a result of 
these interactions, reactive oxygen species (ROS) are formed 
that leads to the destruction of supporting tissues of the 
periodontium.[3]
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Role of Plaque in Periodontal Diseases
In the past, methods of surgical periodontal treatment have 
proved to be effective in improving the oral health of the patients 
suffering from periodontal diseases. The basics of periodontal 
therapy involving mechanical debridement and surgical 
therapies lie in the “non-specific plaque hypothesis.”[4]
This hypothesis claims that an increase in the number 
of bacterial plaques in the oral cavity results in periodontal 
disease, and hence the mechanical reduction of deposits of 
bacterial plaque can reduce the resulting symptoms and also 
the progression of periodontal diseases. Therefore, the surgical 
management of periodontal diseases is based on a non-specific 
plaque hypothesis, which includes mechanical debridement of 
periodontal pockets. Hence, gingival health can be maintained 
by routine oral hygiene measures.[5]
However, over the last few years, multiple studies have 
established the fact that periodontal diseases are the result 
of specific bacteria found in dental plaque. Hence, specific 
antimicrobial agents can be active agents to reduce the 
progression of periodontal disease. Hence, the novel concept 
of “specific plaque hypothesis” is based on reducing the load 
of specific bacteria that are considered to be responsible for 
clinical attachment loss and bone loss in periodontal patients. 
Hence, the two different concepts of specific and non-specific 
plaque hypothesis differ in their treatment approach as the 
antimicrobial therapy was considered to be responsible for 
reducing the specific bacterial load. In contrast, surgical therapy, 
which follows the non-specific plaque hypothesis reduces the 
damage resulting from the periodontal diseases.[4]
Common Periodontal Pathogens
Porphyromonas gingivalis is one of the periodontal pathogens 
associated with periodontal diseases. It is black-pigmented, 
Gram-negative anaerobic bacteria.[1,3] Its pathogenicity is 
the result of a variety of virulence factors such as proteinases, 
lipopolysaccharide, and its fimbriae.
These bacteria can modulate the expression of genes in 
response to continually changing conditions during infection. 
These factors possibly, make it difficult for the researchers to find 
therapeutics against this pathogenic bacteria.[6]
P. gingivalis protects itself against oxidative damage by host 
immune response through atypical mechanism.[7] One of the 
defense mechanisms is cell surface heme acquisition. In this 
system, gingipain plays an important role. Gingipain-dependent 
heme accumulation act as an “oxidative sink” that protects it 
from ROS by the host immune response.[8] The gingipains 
Kgp and RgpA are the proteases involved in hemin acquisition. 
Hence, these gingipains can prove to be an effective therapeutic 
target for preventing and treating periodontal diseases.[5]
Actinobacillus actinomycetemcomitans, a small capnophilic oral 
microbe, is aerotolerant Gram-negative coccobacillus. Although, 
it is considered a minor component of the healthy oral microflora 
of humans and is generally recovered from dental plaque. The 
pathogenicity of this microbiome is related to its several virulence 
factors, including a potent leukotoxin, a lymphocyte suppression 
factor, and several histolytic and proteolytic enzymes. It is also 
considered to be responsible for refractory cases of periodontitis 
in adults.[5] It is a common periodontal pathogen associated with 
aggressive periodontitis and is considered resistant to hydrogen 
peroxide.[2]
Rationale of Antimicrobial Therapy
The patients who have multiple sites of inflammation and not 
responding to conventional procedures are the best candidates 
for complementary therapy with antimicrobials.[4] The rationale 
of using antimicrobials in periodontal therapy is to treat 
refractory cases of periodontitis and to prevent infection after 
surgical therapy.[9]
According to recent studies, there is a decrease in pocket 
depth and gain in clinical attachment loss when minocycline is 
used complementary to surgical therapy.[10,11] Earlier studies also 
suggested a positive outcome with systemically administered 
tetracycline[12,13] and doxycycline in combination with traditional 
periodontal procedures. However, the results of these studies are 
questionable because of the small sample size included in these 
studies.[14,15]
Furthermore, according to the study by Mahmood and Dolby 
1987 and Söder et al. 1999, adjunctive therapy with metronidazole 
have a limited additional effect when used in combination with 
periodontal surgery.[16,17] However, according to Haffajee et al., 
1988, adjunctive therapy with tetracycline enhanced the clinical 
attachment gain and decreased the levels of periodontal pathogens, 
also increased the levels of particular beneficial species.[18]
Based on the concept of a specific plaque 
hypothesis antimicrobial therapy is effective against A. 
actinomycetemcomitans.[9] However, A. actinomycetemcomitans 
was present in the samples taken from the subgingival areas 
of these patients. Hence, the researchers suggested that 
antimicrobial protocol is valid only in localized periodontitis 
with A. actinomycetemcomitans.[10,11]
The above discussion concludes that antimicrobial agents 
have a role in treating periodontitis. However, in periodontal 
diseases, a wide variety of bacteria are involved so that no 
single antibiotic is applicable against all of them. Thus, two or 
more antibiotics should be used in combination to cover a large 
number of bacteria.[19,20]
The rationale of using antimicrobials in periodontal diseases 
is still obscure as there is incomplete information about the 
predictable clinical and microbiological benefits. Furthermore, due 
to their systemic side effects and an increase in bacterial resistance, 
the use of systemic antimicrobials in periodontitis is limited.[21,22]
Mechanism of Action of Antimicrobials
Antimicrobials act in multiple ways. Hence, they are classified as 
bacteriostatic and bactericidal. The bacteriostatic antimicrobials 
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either inhibit protein synthesis such as tetracycline and macrolides 
or by cell wall syntheses such as penicillin and cephalosporins. 
Bactericidal antimicrobials inhibit DNA synthesis. The other 
locally used antimicrobials increase the permeability of bacterial 
cell walls such as chlorhexidine and triclosan.[23,24]
Chronic Periodontitis: Role of Antimicrobials
Chronic periodontitis has a slow to moderate rate of progression 
with in between phases of rapid destruction of the periodontium. 
It commonly occurs in adults. It is localized if <30% of the 
dentition involved and generalized when more than 30% of the 
dentition is involved. It is further classified as mild, moderate, 
severe, depending on the amount of clinical attachment loss. 
It is mild when clinical attachment loss is 1–2 mm, moderate 
when there is 3–4 mm clinical attachment loss, and severe when 
clinical attachment loss is more than 5 mm.[5]
A study was carried out by Oteo et al. in chronic periodontitis 
patients with P. gingivalis. They evaluated the role of azithromycin 
administered systemically complementary to conventional 
periodontal therapy. It showed positive results clinically as well 
as microbiologically after 6 months of the administration.[25]
Ornidazole is an antimicrobial which is commonly used. 
Its effectiveness was tested in chronic periodontitis patients 
in adjunct to scaling and root planing. The results showed a 
significant outcome after 6 months of administration of the 
systemic administration.[22]
Silva et al. carried out a study that evaluated the outcome 
of conventional periodontal therapy with metronidazole, a 
combination of metronidazole and amoxicillin, and a placebo. 
The results, when analyzed after 3 months, were significantly 
better with metronidazole and amoxicillin combination along 
with the scaling and root planing.[26]
Aggressive Periodontitis: Role of Antimicrobials
Aggressive periodontitis is common in children and adolescents. 
The characteristic feature is rapid attachment and bone loss. 
It is also classified as localized and generalized. Localized 
aggressive periodontitis has interproximal attachment loss 
on at least two teeth, that is, the first permanent molar and 
incisor. Whereas in generalized aggressive periodontitis, 
there is interproximal attachment loss on at least three teeth 
other than first molars and incisors.[5] The other features 
associated with aggressive periodontitis include abnormalities 
in phagocytes and a hyper response by the macrophages of the 
host immune system.
Mestnik et al. evaluated the use of metronidazole and 
amoxicillin combination in patients with generalized aggressive 
periodontitis. The study revealed a significant positive outcome 
after 3 months of the therapy.[27] A study by Yek et al. revealed 
the additional benefit of this combination to be effective 
against Tannerella forsythia along with its action in aggressive 
periodontitis.[28]
Rationale of Antioxidant Therapy
Antioxidants are substances that trap the oxygen and prevent the 
oxidation reaction. Thus, antioxidants play an essential role in 
maintaining the normal function of the cell through maintaining 
its structural integrity.[29]
Oxidative stress is a state characterized by excessive levels of 
free radicals or ROS. Oxidative damage is the primary reason for 
the periodontal tissue destruction in periodontitis. Furthermore, 
oxidative stress explains the association between periodontal 
diseases and the resulting systemic disorders such as diabetes 
mellitus, cardiovascular diseases, Alzheimer’s, and rheumatoid 
arthritis.[30]
Therefore, antioxidants, when used in periodontal patients, 
can reduce the oxidative damage to the periodontal tissues, 
and can prevent the resulting systemic illnesses by modulating 
the host response. Several studies in the past have suggested 
that antioxidants consumed through diet or applied locally by 
incorporating the antioxidants in dentifrices and mouthwashes 
lessen the oxidative stress in gingivitis and periodontitis 
patients.[30]
Synthetic antioxidants are not preferred due to their 
toxicity. Therefore, natural antioxidants derived from fruits 
and vegetables, spices, and herbs are preferred.[31] Some of the 
frequently consumed antioxidants are orange, lemon, green 
tea, ginkgo grape, ginger, ginseng, and garlic. The reason for 
their antioxidant activity is due to the presence of polyphenols, 
flavonoids, carotenoids, steroids, and thiol compounds.[32]
The antioxidants prevent cellular damage resulting from 
oxidative stress and thus lower the risk of chronic diseases. For 
example, ginseng contains ginsenosides, steroid-like compound, 
which prevent damage to the vascular endothelium by free 
radicals.[33] Ginkgo has substantial antioxidant activity due to 
flavone glycosides.[34]
Mechanism of Action of Antioxidants
To reduce the levels of ROS, the human body has an antioxidant 
defense system. Furthermore, the dietary intake of antioxidants 
helps to fight oxidative stress. The antioxidants react with the free 
radicals and themselves become new free radicals which are less 
active and less dangerous than the ones they neutralize.[35] The 
characteristic feature of free radicals is the presence of unpaired 
electrons in the respective atom or molecule. The free radicals 
are the main constituent of reactive species such as ROS, reactive 
nitrogen, and reactive sulfur species.[36]
The antioxidants either react directly with ROS or they 
react with free radical intermediates produced as a result of 
reactive species, thereby terminating the chain reaction, hence, 
preventing the damage by free radicals.[34]
The alternative mechanism of action of antioxidants is 
through regulating the levels of intracellular enzymes that fight 
against free radicals. These antioxidants can inhibit the expression 
of free radical generating enzymes such as NADPH oxidase and 
xanthine oxidase or by enhancing the activities and expressions 
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of antioxidant enzymes such as superoxide dismutase, catalase, 
and glutathione peroxidase.[30,37]
Periodontal Diseases: Role of Antioxidants
Strictly anaerobic bacteria such as those found in diseased 
periodontal sites are described as bacteria that grow in reduced 
conditions (negative Eh values) and absence of significant 
amounts of free oxygen.[38]
Some of the antioxidants such as Vitamin A, C, and E act by 
the chain breaking by scavenging free radicals. Others act by 
sequestering transition metal ions and are thus largely proteins 
such as albumin and lactoferrin. There are few enzyme systems 
that function as antioxidants such as superoxide dismutase, 
catalase, and glutathione peroxidase.[39]
The increased amount of ROS affects macromolecules such 
as lipids, DNA, RNA, and protein, resulting in oxidative stress. 
Although, cells have the mechanism to defend this damage with 
the help of intracellular enzymes, as a result of cell dysfunction 
or excessive environmental stress, the levels of ROS increase and 
lead to significant damage of the cell.[29,31-34,40]
Antioxidants have a crucial role in preventing oxidative 
damage to the periodontal tissues.[2] A therapeutic approach 
for treating periodontal patients is based on the application of 
oxidizing agents in a periodontal pocket.[41]
Hydrogen Peroxide
Strictly anaerobic bacteria such as those found in diseased 
periodontal sites may be described as bacteria that grow in 
reduced conditions and absence of significant amounts of free 
oxygen. Many clinical studies have already proposed a therapeutic 
approach for periodontitis patients based on the application in 
periodontal pockets of an oxidizing agent that can increase the 
Eh.[41] One study revealed that when P. gingivalis was exposed to 
a subinhibitory concentration of H2O2 (0.1 mM), an adaptive 
response to higher concentrations was induced. A 10 min exposure 
to H2O2 revealed increased expression of genes involved in DNA 
damage and repair, while after 15 min, genes involved in protein 
fate, protein folding, and stabilization were upregulated.[41]
Hydrogen peroxide is used in combination with salts or 
alone. It is used topically in concentration more than 1% by 
incorporating in mouthwash. It requires access to subgingival 
pockets to prevent and treat periodontal diseases. Furthermore, 
it helps in plaque control as it has broad-spectrum antimicrobial 
activity against a wide variety of bacteria, virus, fungi, and 
spores.[42] A study by Wolff et al. in 1982 concluded that 3% 
H2O2 is effective in reducing gingival inflammation and pocket 
depth of more than 4 mm.[43]
Lycopene
Lycopene is a red-colored pigment commonly found in plants. 
The foods rich in lycopene include tomatoes, watermelon, 
papaya, and pink grapefruit. Lycopene belongs to the family of 
plant compounds known as carotenoids and, therefore, such as 
other carotenoids and lycopene, also has well-established anti-
inflammatory activity.[2]
It is the most potent antioxidant found in saliva.[44] Lycopene 
is a readily available carotenoid found in human plasma. 
Chemically, it is an acyclic isomer of beta-carotene and 
contains conjugated double bonds in high proportion.[44] The 
antioxidant activity of carotene, as well as lycopene, is because 
of conjugated dienes, which are ROS quenchers. Carotene, also 
known as pro-vitamin A, has nine conjugated double bonds 
forming a polyene chain plus two double bonds of an aromatic 
ring at both ends of the molecule. In contrast, lycopene has an 
extended chromophore with thirteen conjugated double bonds 
without beta-rings. The difference in their structures affects their 
antioxidant activity.[7]
Lycopene has proved useful in periodontitis patients when 
used as topical agents.[8] Lycopene is a potent antioxidant among 
carotenoids. Lycopene minimizes cell damage by minimizing free-
radical formation, destroying the free radicals and by stimulating 
antioxidant enzyme activity and provides complementary 
benefits as an adjunct to scaling and root planing in patients with 
moderate periodontitis patients.[45] Another study compared 
the effectiveness of systemic lycopene in combination with 
mechanical therapy to that of mechanical therapy alone in patients 
with mild to moderate periodontitis and moderate gingivitis. The 
study revealed that mild to moderate periodontitis cases showed 
positive clinical outcomes with lycopene as adjunctive therapy. 
However, there was no significant effect on clinical parameters in 
moderate periodontitis cases.[46]
Lycopene has the most robust signet oxygen quenching 
activity among the antioxidants of β-carotene family. One of the 
studies carried out on patients with type 2 diabetes mellitus with 
chronic periodontitis concluded that systemic administration of 
lycopene has an added advantage in overcoming oxidative stress 
and restoring glycemic control.[47] However, the studies are 
limited that validate the role of lycopene and other antioxidants 
in the treatment of periodontal diseases.
Curcumin
Curcumin is a polyphenolic phytonutrient obtained from the 
culinary spice turmeric. It is well-known for its anti-inflammatory 
agent. Furthermore, it has shown antimicrobial activity against 
bacteria implicated in gingivitis and periodontitis.[2]
Many studies had proved that curcumin, when applied 
topically to the gums in gingivitis patients, provides the productive 
antimicrobial activity. This antimicrobial activity of curcumin is 
comparable to conventional antimicrobial therapy advised in 
periodontal diseases. Therefore, it is complementary to scaling 
and root planing for gingivitis and chronic periodontitis.[48] 
Systemic administration of curcumin had a suppressive effect 
on the inflammation and collagen degradation, as evidenced by 
Guimarães et al.[49]
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Curcumin is a herb known for its anti-inflammatory 
properties. It is a phytochemical in a spice, turmeric which is 
derived from the rhizomes of Curcuma spp.[50] Curcumin also 
improves wound healing as it increases collagen deposition, 
angiogenesis, and the density of fibroblasts.[50]
Green Tea
It is one of the widely used beverages and has the highest 
concentration of polyphenols which are known for their 
potent antioxidant properties. Green tea contains a variety of 
polyphenolic components called catechins. These primarily 
include epigallocatechin gallate (EGCG) and epigallocatechin. 
The mechanism of action of these catechin involves the 
scavenging of ROS and other free radicals. They also carry out 
the chelation of transition metals. Moreover, they act indirectly 
by upregulating the enzymes of the antioxidant system.[8]
It is evidenced in various studies that catechins have 
the ability to inhibit the growth of major periodontal 
pathogens such as periodontal pathogens such as P. gingivalis, 
A. actinomycetemcomitans and Prevotella intermedia. Furthermore, 
it has been proved in vitro studies that catechins can adherence of 
P. gingivalis to buccal epithelial cells of the oral mucosa.[51]
Multiple studies in the past have proved that polyphenols 
reduce matrix metalloproteinases and also induce apoptotic 
cell death of osteoclast, thereby inhibiting bone and tissue 
destruction in periodontitis. Moreover, it has been evidenced 
that green tea polyphenols have the additional ability to inhibit 
the cellular adherence of microbes to the buccal mucous 
membrane, thereby preventing the growth of P. gingivalis.[44]
Recent studies have also shown that EGCG has the 
ability to downregulate the activity and expression of matrix 
metalloproteinases as MMP-2 and MMP-9 by suppressing 
the phosphorylation of extracellular kinase involved in protein 
kinase pathway.[52] Furthermore, green tea may restrict the bone 
loss in periodontitis patients as EGCG inhibits the osteoclast 
formation and induces the apoptosis of osteoclasts.[44]
Honey
It is widely known for its antimicrobial activity. According to a few 
studies, it has effective antibacterial activity against P. gingivalis. 
One of the studies claimed that honey has growth inhibitory 
properties against several bacteria such as enterobacteriaceae 
and staphylococci. The antibacterial activity is highest for the 
Manuka Honey when compared to that of a locally produced 
honey.[53]
Honey has inhibitory activity on more than 60 species of 
bacteria. The antibacterial activity is due to the enzymatic 
production of hydrogen peroxide. Furthermore, there was 
increased activity when used in diluted concentration.[53] On 
dilution, the antibacterial activity increased from a factor of 2500 
to 50,000. The diluted concentrations resulted in a slow-release 
which prevented tissue damage as well.[54]
A study also demonstrated that the use of chewing gum 
containing Manuka Honey reduced the inflammatory response 
and also the plaque-score in gingivitis patients in comparison to 
a chewing gum without honey.[53] One more study was carried 
to compare the effectiveness of honey (10%) with chlorhexidine 
gluconate (0.12%) on the dental plaque levels and gingival 
health. The study presented that mouth rinse containing 0.12% 
chlorhexidine and 10% honey prevented the growth of plaque 
and also reduced gingival bleeding when used twice a day.[55]
Pomegranate
Pomegranates are a rich source of essential phytonutrients. 
These phytonutrients are polyphenols and prevent chronic 
diseases such as cardiovascular diseases, diabetes mellitus, and 
debilitating cancer.
The polyphenols found in pomegranate are potential 
defenders against oxidative stress and inflammation. One of the 
studies demonstrated that the use of mouthwash containing 
pomegranate extract in adjunct to scaling and root planning 
was proved to give comparable results as with conventional 
antimicrobial therapy when used in combination with scaling 
and root planing. Other studies have proved that localized 
applications of pomegranate provide added advantage in the 
treatment of periodontal diseases.[54]
Pomegranate has multiple benefits as they are bactericidal, 
antifungal, antiviral, and also have a role in immune modulation. 
The primary constituent of pomegranate is punicic acid, which 
is a fatty acid which suppresses prostaglandin production 
owing to the anti-inflammatory properties of pomegranate.[56] 
Pomegranate possesses an anti-gingivitis effect because of the 
presence of flavonoids, providing antioxidant activity.[57]
Sastravaha et al. concluded in their preliminary study 
that local delivery with Centella asiatica and Punica granatum 
extracts following scaling and root planing showed significant 
improvements in pocket depth and attachment level compared 
to placebo.[58] According to a study proved that pomegranate 
mouthwash has substantial antibacterial activity against major 
periodontal pathogens such as P. gingivalis, P. intermedia, and 
A. actinomycetemcomitans.[59]
In a study, pomegranate mouthwash resulted in a greater 
reduction in clinical parameters (gingival scores) when used 
twice daily for 15 days in comparison to chlorhexidine.[60] 
Furthermore, pomegranate gel, when used in combination with 
mechanical debridement, effectively treated gingivitis.[61]
Lactoferrin
Lactoferrin is an iron-binding protein with antimicrobial and 
immune-modulating properties. Lactoferrin, chemically a 
glycoprotein, is found in the specific granules of neutrophils. It 
is also produced by acinar epithelial cells. It has the ability to 
inhibit the growth of numerous microorganisms through iron 
deprivation.[62] It is readily found in saliva and other body fluids. 
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In the oral cavity, lactoferrin helps to prevent as well as reduce 
the growth of dental plaque related bacterial colonies that are 
responsible for tooth decay and periodontal diseases. Moreover, 
it inhibits the formation of pathogenic biofilm and also helps to 
reduce the effectiveness of the established biofilm.
Topical administration of bovine lactoferrin reduces pro-
inflammatory cytokines in gingival crevicular fluid (GCF), resulting 
in a reduction in inflammation, pocket depth, bleeding, improved 
clinical attachment levels, and reduction in bone resorption.[63]
Furthermore, according to a clinical study, oral administration 
of bovine lactoferrin reduces the number of P. gingivalis and 




It is commonly known as ascorbic acid. It is a water-soluble 
vitamin which is an efficient scavenger of radicals. Fruits and 
vegetables like kiwi, broccoli, cauliflower, pineapple, cherries, 
and other citrus fruits are good source of Vitamin C. Severe 
Vitamin C deficiency results in “scorbutic gingivitis” or “scurvy,” 
which is characterized by ulcerative gingivitis.[65]
Vitamin C in the aqueous phase neutralizes free radicals 
and form H2O and alcohol. In the process, itself it turns into 
a stable radical. It gets regenerated from its radical form with 
the help of enzymes such as NADH or NADPH dependent 
reductases.[40] Vitamin C can also neutralize the radical form of 
other antioxidants such as glutathione and Vitamin E and thus, 
helps to regenerate these antioxidants from the radical state.
Ascorbic acid acts as a reducing agent and donates electrons 
to various enzymatic and nonenzymatic reactions. The oxidized 
forms of Vitamin C are reduced in the body by glutathione and 
NADPH-dependent enzymatic mechanisms. Thus, glutathione 
maintains ascorbate in a reduced state. Vitamin C also carries 
out the synthesis of collagen fibers of the connective tissues and 
the intercellular substance. Thus, reduced levels of Vitamin C 
in the body worsen periodontal diseases.[66] Vitamin C acts as 
an antioxidant and also plays a role in immune modulation in 
chronic inflammatory diseases.[67]
Vitamin E (tocopherol)
It is a fat-soluble vitamin with antioxidant properties. It is found 
in nuts, seeds, poultry, and meat. It stabilizes the cell membrane 
structure by terminating the free radical reaction.[48]
Vitamin E in the lipid phase reacts with free radicals such as 
alkoxyl and lipid peroxyl and forms lipid hydroperoxides. During 
this process, it gets converted to a phenyl radical.[34]
Vitamin E interferes with free-radical reactions and thus 
protects cell membranes from lipid peroxidation. According 
to a study by Singh et al., in 2014 concluded that Vitamin 
E supplementation, in addition to scaling and root planing, 
improved the periodontal healing in chronic periodontitis 
patients. Furthermore, the superoxide dismutase levels, an 
indicator of antioxidant defense system, were elevated in patients 
supplemented with Vitamin E.[68]
Melatonin
Melatonin is a nutrient with lipophilic properties. It exerts 
its antioxidant action by quenching hydroxyl and superoxide 
radicals. It is found in a substantial amount in cereals and plants.
According to one study, melatonin levels are less in GCF 
and saliva of periodontitis patients in comparison to healthy 
individuals.[2] It also reduced periodontal inflammation and 
bone loss in diabetic animal models, thus having the potential to 
manage diabetes-induced periodontitis.
Periodontal disease is inflammation of the periodontium 
accompanied by alveolar bone resorption by osteoclasts. 
Melatonin regulates the proteins involved in these inflammatory 
processes.[69] Melatonin inhibits proteins responsible for 
osteoclastogenesis and also the prostaglandin mediated 
osteoclastic activity responsible for bone loss in periodontal 
diseases.[70]
Recent studies are inclined to explore its role as an 
osteoconductive agent around dental implants.[7] Therefore, 
research work is being carried out for the application of melatonin 
as a complementary therapy to treat periodontal patients.
Calcium
Calcium is one of the vital minerals of the human body. It 
is obtained primarily from dairy products, leafy vegetables, 
seeds, and nuts. Calcium is essential for the formation of bones 
and teeth. It also plays an essential role in muscles and body 
systems by maintaining their function. Calcium deficiency 
affects the body in multiple ways, including the periodontium 
of the oral cavity. Hence, calcium is supplemented with 
Vitamin D that helps in proper absorption of calcium by the 
body and thus have an adjunctive effect in the treatment of 
periodontal diseases.[7]
The study was carried out to observe the role of calcium and 
Vitamin D supplementation in periodontitis management. It also 
assessed whether calcium and Vitamin D oral supplementation 
influence alveolar density. The results showed a significant 
positive outcome in the periodontal parameters and bone 
density after 3 months in the group that was accompanied by oral 
administration of Vitamin D and calcium in adjunct to scaling 
and root planing.[71] Thus, it can be concluded that Vitamin D 
and calcium supplementation have a complementary effect on 
periodontal treatment.
Miley et al. evaluated the impact of calcium and Vitamin D oral 
supplementation in a periodontal disease maintenance program 
on clinical parameters of periodontitis. They conclude that these 
were worse in those who did not take oral supplementation 
compared to those who did.[72] Hence, the study suggested that 
calcium and Vitamin D supplementation could play an essential 
role in maintenance programs as it could improve the overall 
health of the patients.
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Iron
Iron as a micronutrient is required for the multiple functions in 
the body. It has a role in protein synthesis. It is an important part 
of hemoglobin and other proteins. Iron deficiency leads to anemia 
and other related symptoms. It is present in a substantial amount 
in spinach, fish, beans, and red meat. A study demonstrated that 
iron deficiency is accompanied by a reduction in antioxidant 
enzymes in the body. The downregulation of antioxidant system 
worsens the periodontal diseases.[7]
The health of oral tissues, periodontium, and teeth is 
maintained by an adequate supply of oxygen to all tissues, 
including oral mucosa, periodontium, and teeth. However, 
diseases like anemia result in improper oxygenation of the tissues 
and results in clinical manifestations. Some researchers claim 
that periodontal health improves after the treatment of anemia. 
On the contrary, others claim improvement in the condition of 
anemia after treating periodontal disorders.[73]
Iron is a significant element involved in the growth and 
differentiation of all living cells. Iron also plays a critical role 
in immunosurveillance and is also involved in cell-mediated 
immune effectors pathways and cytokine production.[74]
According to a recent study, iron deficiency anemia patients 
have reduced levels of superoxide dismutase and thus are prone 
to periodontal destruction.[75]
Zinc
Zinc is a vital micronutrient that is obtained from protein-
rich food. It acts as a cofactor for many enzymes. It also 
has antioxidant activity and scavenges free radicals. It also 
neutralizes bacterial toxins. Therefore, it is an important 
constituent of periodontal dressings used in periodontitis 
patients. It was suggested in the study that a deficiency of zinc 
in diet can result in worsens periodontal health in diabetic 
patients. Thus, it is claimed that zinc has an important role in 
maintaining periodontal health.[7]
Zn is an important constituent of the antioxidant enzyme 
system. Thus, its deficiency leads to oxidative stress, resulting 
in oxidative damage to cell membranes and other structural 
changes. Consequently, it affects the function of receptors and 
transport proteins in the cell membrane leading to their altered 
function.[76] The deficiency of zinc also affects the function of 
immune cells such as neutrophils, monocytes, lymphocytes, 
T cells, and natural killer cells.[77] Moreover, its deficiency leads 
to reduced levels of enzyme superoxide dismutase in periodontal 
tissues resulting in increased levels of ROS, responsible for tissue 
destruction.[78]
Zn deficiency reduces the osteoblastic and alkaline 
phosphatase activity. Frithiof et al. demonstrated that 
periodontal patients with decreased Zn levels showed greater 
resorption of alveolar bone.[79] Therefore, optimum levels of Zn 
are critical to prevent the progression of periodontal diseases 
and for the proper growth and development of periodontal 
tissues.
Conclusion
The foods that provide a health benefit in addition to their 
nutritional value are called as functional foods. Similarly, natural 
antioxidants are claimed to play a role in maintaining the health 
of the periodontium. Therefore, incorporating antioxidants 
in the diet is a beneficial habit to maintain the health of the 
periodontium. Moreover, the phytotherapy provides an 
advantage to overcome microbial resistance to antibiotics. 
However, mechanical plaque control by non-surgical and 
surgical periodontal therapy is the gold standard in the treatment 
of periodontal diseases. Therefore, complementary therapy with 
antimicrobials and antioxidants along with the conventional 
procedure can provide an added advantage and improve the 
outcome of the treatment.
However, studies claiming the advantage of complementary 
therapy in periodontal diseases are very limited. This demands 
an extensive research of the adjunctive agents at cellular and 
molecular levels to reduce the incidence of periodontal diseases 
and give better predictable outcomes of periodontal therapy.
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